The present chestnut (Castanea sativa Miller) commercialization dynamics, including distribution to novel markets, demands suitable conservation technologies. Irradiation has been considered a promising alternative to chemical fumigation (legally forbidden and harmful for human health and environment) or heat treatments (technological difficulties and low efficiency). Following previous studies on the effects of irradiation in different chemical parameters, the present work aims to perform an evaluation of the effects of electron beam and γ-irradiation on the triacylglycerol profiles of fresh and stored chestnuts. An analysis of variance with type III sums of squares was performed using the general linear model procedure. As classification technique, a linear discriminant analysis using the stepwise procedure was also applied. Independently of irradiation type, samples irradiated with higher doses showed higher modifications in triacylglycerol profiles. In fact, samples irradiated with 1 and 3 kGy were clearly separated from the remaining groups in the linear discriminant analysis. The obtained results highlight the potential of triacylglycerol profiles as indicators of chestnuts irradiation. However, irradiation might be recommended as a suitable method for chestnuts preservation.
Introduction
Chestnut quality is measured by external factors such as color, shape, size, surface blemish and mold, which are very important for consumers' acceptance. Internal disorders may result from anatomical or physiological changes like moisture loss, chemical conversion, discoloration, senescence, microorganism attack, cell breakdown (physiological decay) and insect injury (Upchurch et al., 1993) . Weight losses due to dehydration and development of insects and microorganisms are the two main problems of chestnuts preservation, and neither chemical fumigants, nor heat treatment, represent an effective solution (Pinto et al., 2007) .
Furthermore, chemical fumigation is harmful to the human health and to the environment (UNEP, 2006) , while heat treatments do not prevent mold growth (Jermini et al., 2006) . Quality requirements demand enhanced conservation techniques for chestnuts and related products. In this context, decontamination methods based on high-energy electrons or γ-rays irradiation are being studied as alternatives; Arici et al. (2007) irradiated black cumin with 2.5 to 10 kGy for the purpose of microorganism's elimination, while studying the effects on physico-chemical properties and on fatty acids profile. Irradiation beneficial effects include reduction of storage losses, shelf life extension, and improvement of microbiological and parasitological safety of foods, while being safe to the environment. Hence, irradiation might be considered a promising conservation technology, bearing in mind that the doses applied on fresh fruits and processed fruit products are limited by the impact on their quality (Arvanitoyannis et al., 2009 ). Particularly, gamma-irradiation was already applied to diverse food products such as tuber and bulb crops, stored grains, dried ingredients, meats, poultry and fish, or fruits (Farkas, 2006) . It can also be applied to chestnuts which contain only 1% of fat, overcoming the production of off-odor compounds due to the radiation-induced breakdown of lipids common in high-fat-containing foods (Niyas et al. 2003) .
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Electron beam irradiation is also widely applied to improve food quality and safety. The use of electron accelerators as source of radiation has technological advantages like higher throughput, wider flexibility and more potential to overcome public objections to radioactive isotopic sources (Supriya et al., 2012) . Nevertheless, the irradiation efficacy is highly dependent on intrinsic factors of each food product, requiring continuous studies of exposure time (doses) and geometry (dose uniformity) (Belchior et al., 2007; Kim et al., 2007) . The effects of radiation on chestnuts composition have been progressively studied, either using electron beam treatment (Carocho et al., 2012) or γ-irradiation (Antonio et al., 2012a ). Yet, the effects of these irradiations in chestnut triacylglycerol (TAG) profiles have not been evaluated. TAG profile is specific of each natural product and has been used for studying crystallization phenomena, detecting adulteration of specialty fats and oils, and recognition of oils origin, being one of the prime determinants in the study of oils oxidation (Zeb, 2012) .
The evaporative light-scattering detector (ELSD) is a suitable solution for TAG analysis, since it is a mass-sensitive detector that responds to any analyte less volatile than the mobile phase. Furthermore, ELSD has a low background signal, a non-specific response (unlike a flame ionization detector), compatibility with gradient elution (dissimilarly to the refraction index detector) and with a broad range of solvents, besides having a signal independent of the degree of saturation and chain length (unlike an ultraviolet detector) (Rombaut et al., 2009 ).
Hence, this parameter might be a good indicator of the effects of irradiation on natural food matrixes. Herein, the main purpose was evaluating alterations in the TAG profiles of chestnuts submitted to electron beam or γ-irradiation (0, 0.5, 1 and 3 kGy), analyzed immediately after irradiation or after 30 days storage, assessing its potential use as an irradiation marker. Furthermore, obtained data constitute complementary information to previous results regarding irradiation effects on the chemical composition and bioactivity of chestnuts (Antonio et al., 2012a,b; Carocho et al., 2012; Fernandes et al., 2011a,b) .
Materials and methods

Standards and reagents
Triacylglycerols 1,2,3-tripalmitoylglycerol (PPP), 1,2,3-tristearoylglycerol (SSS), 1,2,3-trilinolenoylglycerol (LnLnLn), and 1,2,3-tripalmitoleoylglycerol (PoPoPo), of purity >98%, and 1,2,3-trioleoylglycerol (OOO), 1,2,3-trilinoleoylglycerol (LLL), 1,2-dilinoleoyl-3-palmitoyl-rac-glycerol (PLL), 1,2-dilinoleoyl-3-oleoyl-rac-glycerol (OLL), 1,2 -dipalmitoyl-3-oleoyl-rac-glycerol (PPO), 1,2-dioleoyl-3-stearoyl-rac-glycerol (OOS), 1-palmitoyl-2-oleoyl-3-linoleoylglycerol (POL), and 1,2-dioleoyl-3-palmitoyl-rac-glycerol (POO), of ≈99% purity, were purchased from Sigma (St. Louis, MO, USA). Petroleum ether was of analytical grade and obtained from Fisher Scientific (Leicestershire, UK). Acetonitrile and acetone were of HPLC grade and obtained from Merck (Darmstadt, Germany). The code letters used for the fatty acids are: Po, palmitoleic; L, linoleic; Ln, linolenic; M, myristic; O, oleic; P, palmitic; S, stearic.
Samples
The used chestnut samples, previously studied for their nutritional value (Carocho et al., 2012; Fernandes et al., 2011b) procedure, chestnuts were divided in four groups: control (non-irradiated, 0 kGy), sample 1 (0.5 kGy), sample 2 (1 kGy), and sample 3 (3 kGy) with fifteen units per group. An 6 independently control was used for each irradiation procedure (gamma irradiation was performed in Portugal, while electron beam irradiation was conducted in Poland), in order to guarantee the same conditions for all the samples avoiding a biased effect that might have been induced by potential differences among the two control samples. Gamma radiation. The irradiation of the samples was performed in a Co-60 experimental chamber with four sources, a total activity of 267 TBq (6.35 kCi) in November 2011 (Precisa 22, Graviner Manufacturing Company Ltd, U.K.). After irradiation geometry dose rate estimation, using the Fricke dosimeter and the procedure described in the standards (ASTM, 1992) , each group of fruit samples for irradiation was placed in a PMMA (polymethyl methacrylate) box to be irradiated at the predicted dose, at ambient atmosphere and temperature (15 o C). During the irradiation process, 4 routine dosimeters were used for each group for the higher dose to monitor the process (Amber Perspex dosimeters, from Harwell Company, U.K.). The samples were rotated up-side down (180º) at half of the time, to increase the dose uniformity. The Amber Perspex dosimeters were read in a UV-VIS Spectrophotomer (Shimadzu mini UV 1240 spectrophotometer) at 603 nm, two readings for each, to estimate the dose according to a previous calibration curve. The estimated doses after irradiation were 0.6 ± 0.1 kGy, 1.1 ± 0.1 kGy and 3 ± 0.3 kGy for each of the mentioned groups, respectively, at a dose rate of 0.8 ± 0.1 kGy h -1 .
Samples irradiation
For simplicity, from now on, in the tables and graphs we considered the values 0, 0.5, 1 and 3 kGy, for non-irradiated and irradiated samples.
Triacylglycerols analysis
Before the extraction procedure, each sample was manually peeled (inner and outer skins), milled to obtain a dried powder (20 mesh 
Statistical analysis
Four levels (0, 0.5, 1.0 and 3.0 kGy) of irradiation were assayed in each case (electron beam and γ-irradiation), considering samples stored for 30 days (4 ºC, with a relative humidity close to 92%) or immediately analysed in comply with the EN8417 guideline. In each sample, two extractions were performed, and each extract was injected twice in the HPLC system. Data was expressed as means±standard deviations. All statistical tests were performed at a 5% significance level using the SPSS software, version 18.0.
An analysis of variance (ANOVA) with type III sums of squares was performed using the GLM (General Linear Model) procedure of the SPSS software. The dependent variables were analyzed using 2-way ANOVA, with the factors "electron beam irradiation dose" (EBD) or "γ-irradiation dose" (GID) and "storage time" (ST). The effects of each type of irradiation were evaluated individually, considering stored and non-stored samples. The interaction of both factors, storage time (ST), and irradiation (EBD or GID) was also tested. When a statistically significant interaction (EBD×ST or GID×ST) was detected, the two factors were evaluated simultaneously by the estimated marginal means plots for all levels of each single factor. Alternatively, if no statistical significant interaction was verified, means were compared using Tukey's honestly significant difference (HSD) multiple comparison test.
In addition, a linear discriminant analysis (LDA) was used to assess the influence of different irradiation doses on TAG profile. Two different sets of data were constructed: the first with varying doses of γ-irradiation and different storage times; the second with varying doses of electron beam irradiation and different storage times. A stepwise technique, using the Wilks' λ method with the usual probabilities of F (3.84 to enter and 2.71 to remove), was applied for variable selection. This procedure uses a combination of forward selection and backward elimination procedures, where before selecting a new variable to be included, it is verified whether all variables previously selected remain significant (Bosque-Sendra et al., 2012) . With this approach, it is possible to identify the significant variables obtained for each sample. To verify which canonical discriminant functions were significant, the Wilks' λ test was applied. A leaving-one-out cross-validation procedure was carried out to assess the model performance.
Results and discussion
In food irradiation, the minimum absorbed dose should guarantee consumer safety, while the maximum absorbed dose should not compromise wholesomeness, structural integrity, functional properties, or sensory attributes (EC, 2003) . Chestnut physical parameters were negatively affected (softening in texture) by doses higher than 3 kGy .
Accordingly, in the present research, doses were restricted up to 3 kGy.
The mean values obtained for TAG profiles of each sample are shown in Table 1 .
Besides the tabled compounds, LLnLn was also detected in vestigial amounts (<0.1%). The values are presented in relative percentage, due to the limited number of available high purity standards. Furthermore, the diversity of TAGs in each oil would make virtually impossible to construct a calibration curve for each one. The relative peak areas might be converted into relative TAG concentration, assuming linearity and uniformity of the detector signal, regardless of the TAG species and absolute concentration (Rombaut et al., 2009) (Barreira et al., 2009 (Barreira et al., , 2012a Lísa et al., 2009) , with OLL, PLL, OOL and POL as the major compounds, followed by LLL, OOO and POO. The differences observed in both (electron beam and γ-irradiation) controls (those without irradiation or storage) might be explained by slight different times of evaluation.
Despite the differences found for individual TAG, which had statistical significance (signalized by different letters in each column) only in the cases of LLLn (Table 1) for both irradiations and OLLn for γ-irradiation, the chromatographic outputs were similar for all samples. As an example, the HPLC-ELSD TAG profile of control (A) and samples irradiated with 3 kGy (B) used in electron beam studies can be observed in Figure 1 (the chromatograms corresponding to control and γ-irradiated samples were highly similar to those presented in Figure 1 ; hence, those were not shown since their inclusion would not add relevant information). The interaction effects of ST and electron beam dose (EBD) was significant (p≤0.002) in all cases except LLLn (p=0.365) and OLLn (p=0.365). The individual effect of each factor was also significant in most cases. A similar result was obtained for the interaction among ST and γ-irradiation dose (GID), which was significant (p<0.014) for all TAG except LLLn (p=0.169) and OLLn (p=0.079). In general, and despite multiple comparisons could not be performed in most cases (due to the significant interaction among factors, ST×EBD and ST×GID), neither EBD nor GID seemed to induce appreciable changes in TAG profiles. In the cases where multiple comparisons could not be performed, the plotted estimated marginal means (data not shown), did not allow the identification of particular differences or tendencies. Even so, in order to obtain a more realistic idea about the influence of irradiation treatments, the results were scrutinized through a linear discriminant analysis (LDA).
The application of chemometric methods is a common and effective way to classify food materials (Bosque-Sendra et al., 2012; Zhang et al., 2012) . LDA, for instance, was used to exploit invisible changes of the internal characteristics of blanched sweet corn yielding satisfactory classification rate of 94.3% and performed well in firmness prediction of processed sweet corn (Shao and Li, 2010) .
The analysis was performed considering the applied irradiation dose. In opposition to what could be expected from the mean values presented in Table 1 , the differences in TAG profiles allowed to correctly classify 100.0% of the samples for the originally grouped cases either in EBD as in GID; regarding cross-validated cases, 100% of the samples were correctly classified for GID, while 96.9% (one sample irradiated with 0.5 kGy was classified as nonirradiated) were correctly classified for EBD.
Regarding EBD, the three plotted functions (Figure 2A The effect of ST was also appreciable, since 93.8% (two non-stored samples were classified as being stored during 30 days) of the originally grouped cases and 90.6% (three non-stored samples were classified as being stored during 30 days) of the cross-validated cases were correctly classified. All stored samples were correctly classified.
In the case of GID, the three plotted functions ( Figure 2B) ST had also a marked effect: 90.6% (three samples stored during 30 days were classified as non-stored) of the originally grouped cases and 84.4% (fivee samples stored during 30 days were classified as non-stored) of the cross-validated cases were correctly classified. All nonstored samples were correctly classified.
The differences found in TAG profiles might result from oxidative processes (Zeb, 2012) or chemical bonds cleavage in primary and secondary reactions during irradiation (Al-Bachir, 2004 ). The disruption of ester bonds between fatty acids and glycerol occurs mainly in α and β positions with respect to the carbonyl groups, resulting in the respective C n-1 and C n-2 compounds (EN 1784 (EN , 2003 . The changes in TAG profiles were mostly qualitative, which is in agreement with previous studies with similar irradiation doses, reporting that fatty acid profiles remained unaffected (Barreira et al., 2012b; Fernandes et al., 2011a,b) ; i.e. it was not observed a decrease in fatty acids, but a rearrangement within the glycerol molecule. These changes, however, are not likely to affect the organoleptic characteristics of chestnuts, since the fat content is usually lower than 1% (Barreira et al., 2009 ).
Conclusions
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A significant interaction was detected among GID and ST, and also among EBD and ST.
In fact, ST is always a critical condition in the assessment of chestnuts chemical quality (Cecchini et al., 2011) . The significant interactions did not allow relevant conclusions in the analysis of Table 1 . Hence, a linear discriminant analysis was performed in order to verify significant differences in triacylglycerol profiles among irradiated and non-irradiated samples for both types of radiation. The internal validation procedure confirmed the obtained discriminant models. In fact, and independently of irradiation type, samples irradiated with higher doses (1 and 3 kGy) were clearly individualized. The obtained discriminant functions allowed good classification performances, indicating that TAG profile might be an indicator of chestnuts irradiation. Even so, irradiation can be looked up as a relevant method of protection and prevention of infection in chestnuts, since changes observed in TAG profile are not likely to affect chestnut quality.
